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Ref:901 PCT 09.04,99 

0 9 -04- 1999 

PNEUMATISKT DRIVEN HOGTALARE 



Tekniskt omrade 

Foreliggande uppfinning hanfor sig till en pneumatiskt driven hogtalare omfattande 
atminstone en kammare med hogre tryck an omgivningen och minst en kammare med 
lagre tryck an omgivningen, samt en modulerbar oppning mellan resp kammare och 
omgivningen. 

Bakgrund 

Pneumatiskt drivna hogtalare ar sedan tidigare kanda. Dessa hogtalare omfattar en 
kammare med overtryck samt ett flertal oppningar i kanmiarens ena vagg. Over dessa 
oppningar ar en slid forskjutbar pa sa satt att den i ett lage stanger oppningama och i 
ett annat lage oppnar dem. Genom att pa detta satt fora sliden fram och tillbaka med 
en viss frekvens astadkoms en ljudvag med motsvarande frekvens genom det 
pulserande utsandandet av tryckluft genom oppningama. 

Pneumatiska hogtalare har den fordelen gentemot andra kanda hogtalartyper att de ger 
en hog uteffekt samtidigt som de tar relativt lite utrymme i ansprak. Detta gor dem 
speciellt lampUga for anvandning vid aktiv ljuddampning osv. 

En nackdel vid anvandning av elektro-pneumatiska hogtalare ar dock att de ar kraftigt 
olinjara. Tidigare forsok med linearisering avser enbart diskreta toner. Detta gor att 
linjara samband mellan elektrisk insignal och akustiskt vag over ett bredare spektrum, 
vilket ar en nodvandig forutsattning for bredbandig dampning vid system for aktiv 
ljuddampning, hitintills inte varit mojligt att erhalla. 

Bidragande orsaker till den kraftiga olineariteten vid den namnda typen av kand 
pneumatisk hogtalare ar att overtrycket pressar sliden mot hallaren i vilken den ar 
forskjutbar, vilket leder till friktion. Vidare uppvisar det intermittent utsanda 
luftflodet en synnerligen osymmetrisk vagkaraktaristik p g a olineariteten. 
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Uppfinningens svfte 

Det ar darfor ett syfte med foreliggande uppf inning att tillhandahalla en mer linjar 
pneumatiskt driven hogtalare, vilken ar lattare att styra och vilken kan anvandas over 
ett storre frekvensspektrum. 

Detta syfte uppnas med en pneumatisk hogtalare enligt de bifogade patentkraven. 
Sammanfattning av uppfinningen 

Enligt en aspekt av uppfinningen avser denna en pneumatiskt driven hogtalare som 
omfattar minst en kammare med hogre tryck an omgivningen samt minst en kammare 
med lagre tryck an omgivningen. Fortsattningsvis anvands begreppet kanmiare i ental, 
vilket dock ej utesluter att resp kammare kan vara uppdelad i flera samverkande 
kamrar. Kamrama ar var och en forsedd med minst en modulerbar oppning mot 
omgivningen, varmed det ar mqjligt att vaxelvis oppna och stanga hogtrycks- resp 
lagtryckskammaren mot omgivningen medelst ett ventilorgan, vilket som exempel 
innebar att oppningen mot hogtryckskammaren oppnas medan oppningen mot 
lagtryckskammaren stangs och vice versa, Denna modulering av oppningama sker 
med valbar frekvens. Pa detta satt kan hogtalarens verkningsgrad och effekt okas. 
Med omgivningen forstas i detta sammanhang den miljo i vilken hogtalaren verkar, 
vilket vanligvis innebar att omgivningen utgor luftrummet runtomkring hogtalaren, 
varvid omgivningen har atmosfarstryck. Annat omgivningstryck ar naturligtvis 
mpjligt. 

Enligt uppfinningsaspekten uppnas att luften omvaxlande trycks ut respektive sugs 
tillbaka fran hogtalaren. Pa detta satt sker en overlagring av en utblas- 
ningskarakteristik och en, vasentligen inverterad insugningskarakteristik. Bada dessa 
kurvor ar starkt olinjara, men genom overlagringen uppnas en storre symmetri hos 
karakteristiken. Detta gor att hogtalaren ger en mindre distorderad signal och 
darigenom blir lattare att styra jamfort med om bara en kammare med fran 
omgivningen avvikande tryck utnyttjas. 

Uppfinningen ar speciellt lampad for anvandning vid aktiv ljuddampning pa grund av 
dess hoga uteffekt per vikt- resp ytenhet, samtidigt som den kan verka inom ett brett 
frekvensomride. 
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Ytterligare fordelaktiga sardrag hos uppfinningen framgar av den foljande 
beskrivningen och patentkxaven. Ett antal olika varianter av utforanden beskrivs, dar i 
huvudsak ventilorganets funktion varieras pa ett antal olika satt. 

Kort beskrivning av ritningama 

Uppfinningen skall nu i exemplifierande syfte beskrivas mer ingaende, med hjalp av 
utforingsexempel och med hanvisning till de bifogade ritningama, pa vilka: 
Fig la visar en schematisk tvarsnittsvy genom ett hogtalarelement enligt ett utforande 
av foreliggande uppfinning; 

Fig lb visar ett hogtalarelement sasom det i fig la, men med en altemativ 
drivmekanism; 

Fig 2 visar en perspektivvy i genomskaming av en hogtalare med flera 
hogtalarelement enligt fig 1; 

Fig 3 visar en schematisk hogtalare enligt uppfinningen med variabla 
riktningsegenskaper; 

Fig 4 visar en del av en turbo-flakt motor med hogtalare enligt uppfinningen for aktiv 
ljuddampning, visad delvis i genomskaming; och 

Fig 5 visar ett altemativt utforande av uppfinningen, for anvandning vid aktiv 
ljuddampning i ventilationskanaler. 

Fig 6a - 6 c visar schematiska tvarsnittsvyer av en hogtalare med roterande 
ventilorgan. 

Fig 7a och fig 7b visar snittvyer av hogtalaren enligt fig 6b i tva mot varandra 
vinkelrata plan. 

Fig 8a - 8e visar schematiska tvarsnittsvyer av en hogtalare med vaggande ventilorgan 
Fig 9 visar ett schematiskt tvarsnitt av en hogtalare enligt uppfinningsaspekten dar 
ventilorganet utgors av koner som vaxelvis stanger oppningama till omgivningen. 

Beskrivning av foredragna utforingsformer 

Fig la visar schematiskt ett hogtalarelement enligt ett utforande av foreliggande 
uppfinning. Hogtalaren omfattar atminstone en kammare, och foretradesvis ett flertal 
kammare 1,2 med omvaxlande over- och undertryck anordnade pa varandra i en 
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sandwichkonstruktion. Genom oppningar i dessa kammares vaggar ar ett forskjutbart 
ror 3 anordnat. Detta ror ar foretradesvis oppet i bada andar. Vidare bar roret 
atminstone en uppsattning oppningar 4 anordnade pa vasentligen samma hojd i rorets 
mantelyta. Pa detta satt kommer, da dessa oppningar befinner sig i 
overtryckskaniniaren 1, luft att stromma in genom oppningama 4, vidare genom roret 
3 och ut genom andoppningen. Nar roret forskjuts sa att oppningama istallet hamnar i 
undertryckskammaren 2 kommer istallet luft att fran andoppningen via roret sugas in i 
denna kanmiare. Genom att med viss frekvens fora roret fram och ater kommer 
harigenom en pulserande luftvag, och darigenom ett Ijud att alstras. Altemativt kan 
kamrama istallet vara anordnade i sektorer runt om roret, varvid roret utfor en radiell 
rorelse istallet for en axiell. Aven i detta fall ar dock rorelsen foretradesvis fram- och 
atergaende. Genom att ha flera over- respektive undertryckskammare kan frekvensen 
hos ljudet okas genom att sidooppningama 4 hos roret passerar flera over- respektive 
undertryckskammare under varje slag. Foretradesvis ar dock roret forsett med flera 
uppsattningar sidooppningar. Antalet sadana uppsattningar sidooppningar ar 
foretradesvis detsamma som antalet kamrar med overtryck respektive antalet kamrar 
med undertryck. Uppsattningama med sidooppningar ar vidare foretradesvis ordnade i 
hojdled, dvs i riktningen for rorets axel, och atskilda sa att alia oppningama samtidigt 
befinner sig for antingen overtryckskammare eller undertryckskammare. Pa detta satt 
okar luftflodet genom roret, och darigenom ljudtrycket och effekten hos hogtalaren, 
samtidigt som slaglangden hos roret minskar. Pa detta satt kan vidare overtrycket 
respektive undertrycket i varje kammare hallas mattligt, varigenom rorets vaggar kan 
goras tunna. Harigenom blir roret lattare att forflytta och mindre energi atgar for detta. 
Genom att anvanda saval kamrar med overtryck som kamrar med undertryck erhaller 
man en symmetri hos karakteristiken hos det utgaende ljudet, da luften forflyttas fram 
och tillbaka istallet for att endast tryckas fram och stangas av. Man far harvid en 
overt agring av tva var for sig olinjara, men vasentligen inverterade signaler, vilket ger 
en mer symmetrisk kurva, om an fortfarande olinjar. Harigenom ar det lattare att 
aterskapa ljud och lattare att styra hogtalaren. 
Roret drivs medelst ett drivorgan, vilket kan vara 

hydrauhskt, pneumatiskt eller termiskt. Foretradesvis sker drivningen dock 
elektromagnetiskt medelst en spole lindad mnt den nedre anden av roret. Det ar ocksa 
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for manga tillampningar tankbart med en piezo-elektrisk drivning, varvid sand- 
wichkonstruktionen beskriven ovan kan utnyttjas for att erhalla en hog uteffekt trots 
den korta slagrorelsen (deplacement). Den piezo-elektriska drivningen kan aven ha 



piezo-elektriska element oftast verkar vid en hogre frekvens (ofta omkring 50-100 
kHz), medan hogtalaren ofta anvands vid betydligt lagre frekvenser. En fordel med 
den piezo-elektriska drivningen ar att konstruktion blir mycket liten och latt. 
samtidigt som rorelsen, dvs slaglangdema, hos de modulerbara oppningama minskas. 
Detta leder harigenom likaledes till minskad friktion mellan fasta och rorliga delar 
och till lagre distorsion. (fran allm:) 

I fig lb visas en foredragen typ av piezo-elektrisk drivmekanism. I detta utforande ar 
det anordnat en stav 6 som sitter fast i underlaget och sticker upp i roret 3. Fran staven 
utsticker armar 7, vasentligen vinkelratt darifran, och sammansitter vid sina andra, 
bort if ran staven 6 vanda andar med rorets 3 inre vagg. Dessa armar ar piezo- 
elektriska bojelement, vilka da de aktiveras astadkommer en axiell rorelse hos roret. 
Naturligtvis kan dessa bojelement anordnas aven pa andra satt. Exempelvis kan flera 
stavar anordnas, varvid bojelementen utstracker sig i riktningar som korsar varandra, 
eller sa kan staven anordnas centralt och armama utsta radiellt darifran i olika 
riktningar. 

Vidare omf attar hogtalaren pneumatiska drivorgan (visas ej) for astadkommande av 
over- respektive undertryck hos kamrama. Dessa pneumatiska drivorgan kan exem- 
pelvis vara konventionella pumpar eller flaktar. Kamrama kan dock aven vara 
anslutna till tillgangliga tryckluftssystem. 

Roret ar foretradesvis cirkulart och passar foretradesvis relativt tatt i de motsvarande 
oppningama hos kamramas vaggar, vidare ar sidooppningama foretradesvis 
symmetriskt utplacerade, sasom tva mot varandra staende oppningar, eller fyra 
oppningar placerade i kors. Pa detta satt blir den resulterande kraften med vilken 
trycket i kamrama verkar mot roret vasentligen noli, varigenom friktionen mellan 
roret och kammarvaggama minskar och roret glider lattar. Pa detta satt minskar 
distorsionen hos hogtalaren och den blir lattare att styra. Altemativt kan roret 
naturligtvis ges en annan tvarsnittsutformning an cirkulart, sasom elliptiskt, 
kvadratiskt, rektangulart eller liknande. Vidare ar det mojligt att lata roret vara 



nagon form av utvaxling for att effektivt fa en lag frekvens, vilket ofta ar onskvart da 
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forskjutbart snett mot kammarvaggama, aven om det ar foredraget att roret forskjuts 
vasentligen vinkelratt mot kammarvaggama vilket senare fall aven visas pa 
ritningama. 

Om ett ror 3 enligt ovan anvands bor det utforas kortare vid alstring av hogre 
frekvenser. Om roret ar langt kommer en ljudvag genererad vid rorets botten att 
interferera med en ljudvag alstrad vid rorets topp. Detta blir ett problem enbart om 
rorets langd ar i samma storleksordning som en ljudvaglangd vid den givna 
frekvensen. Detta kan undvikas om roret utfors som ett antal ringar vilka utgor aktiva 
komponenter i ventilorganet. Ringama ar forenade med varandra medelst ringformade 
fjadrar pa ett sadant satt att ringama utfor en translationsrorelse i rorets utstrackning 
med ljudets hastighet. Harvid kommer den namnda oonskade interferensen ej att 
upptrada, medan energi kommer att tillforas den alstrade utsanda ljudvagen for varje 
ring. I rorets ena ande ar andringen passivt eller aktivt dampad sa att inga reflexioner 
av vagrorelsen uppkommer. 



I en foredragen variant av uppfmningen visas i fig. hogtalare som aven denna ar 
avsedd att generera ett ljudtryck vid en viss, valfri frekvens. Varianten innefattar ett 
rum 60 for ett fluktuerande tryck, ett ljudtryck, dar namnda rum 60 star i kontakt med 
den omgivande luft i vilken man avser att skapa ett ljudtryck. Till mmmet 60 for 
fluktuerande ljudtryck finns oppningar 61 fran kammare med hogre tryck 62 resp 
oppningar 63 fran kammare med lagre tryck 64 an omgivningen. Ett ventilorgan i 
form av en roterande ventilkropp 65 belagen i rummet 60 for det fluktuerande trycket 
oppnar vaxelvis oppningama 61 resp 63 till hogtryckskammaren 62 och 
lagtryckskammaren 64, varvid det onskade ljudtrycket alstras i mmmet 60. Det 
alstrade ljudtrycket leds till omgivningen via oppningen 66. Ventilkroppen 65 roteras 
med valbart varvtal, vilket innebar att det alstrade ljudets frekvens ar valbar genom 
styming av ventilkroppens 65 rotationshastighet. 



Ventilkroppen 65 kan utformas pa altemativa satt enligt figurema 6a, 6b och 6c. 
Kannetecknande for denna variant av uppfinningen ar att ventilkroppen utgors av ett 
rotationselement, dar en bit av rotationselementet omfattas av ett halmm 67. Nar 
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ventilkroppen roterar i ventilrummet 60 kommer halrummet, nar det ar vant mot 
oppningen 61 till hogtryckskammaren 62, att tillata ett flode av luft till omgivningen 
via oppningen 66. Pa motsvarande satt flodar luft fran omgivningen via oppningen 66 
genom halrummet 67 till lagtryckskammaren via oppningen 63, da halrummet 67 ar 
vant mot oppningen 63 under rotationen av ventilkroppen. Halrunmiet 67 ar salunda 
utformat att ugoras av en kanal som foretradesvis i radiell led periodvis ansluter mot 
oppningama till hogtryckskammaren resp lagtryckskammaren. Kanalen ar aven 
utformad sa att den ansluter mot omgivningen atminstone under de nanmda 
periodema eller altemativt att den standigt star i forbindelse med omgivningen. 
Kanalen kan med fordel utformas sa att den ger en gynnsam stromning. 
Halrummet 67 ar i en variant utformad sa att halrunmiet utgor en volymsektor av 
ventilkroppen med en viss sektorvinkel kring ventilkroppens rotationsaxel. I figur 6a 
visas ventilkroppen med ett halrum 67 som utgor en volymsektor med 180° vinkel 
runt rotationsaxeln. Fig. 6b visar pa motsvarande satt ett halrum som utgors av en 
volymsektor med 90° vinkel. Det ar naturligtvis mqjligt att utforma ventilkroppens 
halrum med andra sektorvinklar. Det ar vidare fuUt mqjligt att forse ventilrummet 
med mer an en oppning fran tva lagtryckskallor och med mer an en oppning fran tva 
hogtryckskallor, varvid ventilkroppen kommer att oppna mot en hogtrycks- resp en 
lagtryckskammare mer an en gang per varv. 

Ett utforande av ventilen dar ventilkammaren 60 ar forsedd med tva oppningar mot 
hogtryckskallor och tva oppningar mot lagtryckskallor visas i fig 6c. Ventilkroppen ar 
i fig. 6c vidare visad med ett halrum 67 som utgors av en genom ventilkroppen 
lopande kanal 68. Vid rotation av ventilkroppen oppnas och stangs vaxelvis 
oppningama mot tryckkalloma, varvid ett fluktuerande ljudtryck skapas i oppningen i 
ventilkroppens axiella led mot omgivningen. 

Ventilkroppen 65 kan aven tillatas vara forskjutbar i axiell led, dvs langs dess 
rotationsaxel, i ventilkammaren 60. Oppningama 61, 63 mot tryckkalloma kan ges 
sadana geometrier att halmmmets mynningsarea mot tryckkalloma forandras i 
samband med ventilkroppens rorelse i axialled. Genom att salunda forskjuta 
ventilkroppen ar det mqjligt att reglera flodet och darmed ljudtrycket. Lampligt ar att 
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tillampa den namnda axiella forskjutningen inom varje rotationscykel hos 
ventilkroppen for att kontroUera uppkommen distorsion. Detta kraver dock snabb 
reglering av forskjutningen. 

Fig 7a och fig. 7b visar snittvyer av ventilen i tva olika plan, ett forsta plan som ar 
vinkelratt mot ventilkroppens rotationsaxel och ett andra plan enligt snitt A - A, dar 
placeringen av ventilkammarens 60 oppning 66 mot omgivningen framgar. 

En ytterligare variant av hogtalaren visas i fig. 8a - 8e. 

Hogtalaren enligt fig. 8a - 8e innefattar ett rum 60 for ett fluktuerande tryck, ett 
ljudtryck, dar namnda rum 60 star i kontakt med den omgivande luft i vilken man 
avser att skapa ett ljudtryck. Till rummet 60 for fluktuerande ljudtryck finns 
oppningar 61 fran kammare 62 med hogre tryck resp oppningar 63 fran kammare 64 
med lagre tryck an omgivningen. Ett ventilorgan i form av en vaggande ventilkropp 
65 belagen i rummet 60 for det flukturerande trycket oppnar vaxelvis oppningama 61 
resp 63 till hogtryckskammaren 62 och lagtryckskammaren 64, varvid det onskade 
ljudtrycket alstras i rummet 60. Det alstrade Ijudtrycket leds till omgivningen via 
oppningen 66. Ventilkroppen 65 vaggas med valbar frekvens, vilket innebar att det 
alstrade ljudets frekvens ar valbar genom styming av svangningsmonstret for 
ventilkroppens 65 vaggningsrorelse. 

Ventilkroppen 65 kan for vaggningsvarianten utformas pa altemativa satt enligt 
figurema 8a och 8e. Lampligen utgors ventilkroppen av en i det narmaste halvsfarisk 
eller halvcirkularcylindrisk kropp eller annan sektordel av en sfarisk eller 
cirkularcylindrisk kropp. I^pir^ndra varianter kan enbart mantelytan till nagon av de 
namnda kroppama utgora ventilkroppen 65. Med nagon av de namnda formema ar 
bada oppningama mot tryckkalloma stangda nar ventilkroppen star i neutrallage enligt 
fig. 8a. I figur 8b visas ventilkroppen vaggad till sitt forsta andlage, varvid oppningen 
63 mot lagtryckskallan ar belt oppen, sa att luft fran omgivningen via oppningen 66 
kan stromma mot lagtryckskallan. Fig. 8c illustrerar ventilkroppens andra andlage, dar 
oppningen 61 mot hogtryckskallan ar belt oppen, sa att luft fran hogtryckskallan 
strommar ut mot omgivningen. Det fluktuerande flodet av luft som harvid astadkoms 
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skapar det onskade ljudet. 

Genom att variera tvarsnittssegmentet hos ventilkroppen, genom att t ex gora 
segmentet mindre kan bada oppningama mot tryckkalloma hallas oppna till en del nar 
ventilkroppen befinner sig i neutrallage, sasom visas i fig 8d. Enligt fig 8e kommer 
ventilkroppen anda att kunna stanga en oppning mot en tryckkalla belt nar den 
befinner sig i ett andlage. Detta arrangemang skapar en annan ljudkaraktar . 

Aven for den vaggande varianten kan ventilkroppen 65 tillatas vara forskjutbar i 
axiell led, dvs langs dess vaggningsaxel, i ventilkammaren 60. Oppningama 61, 63 
mot tryckkalloma kan ges sadana geometrier att halrummets mynningsarea mot 
tryckkalloma forandras i samband med ventilkroppens rorelse i axialled. Genom att 
salunda forskjuta ventilkroppen ar det mojligt att reglera flodet och darmed 
ljudsignalen. 

Annu en variant av hogtalaren visas i figur 9. Syftet ar som tidigare att generera ett 
ljudtryck vid vissa valfria frekvenser. En ordinar siren enligt kand teknik utgors av en 
kalla med tryckluft (vars tryck alltsa ar hogre an omgivningens) och ett reglerat 
utslapp, vilket kan utforas t ex med hjalp av en rorlig kon. Denna losning framgar om 
man betraktar den vanstra delen av figur 9. Genom att rora konen i sidled med en viss 
frekvens kan luftflodet regleras och ett ljudtryck uppstar. En svaghet ar att luft hela 
tiden strommar ut ur systemet och darmed forsamrar verkningsgraden. Varianten av 
ljudkallan enligt figur 9 loser detta genom att ljudkallan ar forsedd med en 
hogtryckskalla 62 med hogre tryck an omgivningen och en lagtryckskalla 64 med 
lagre tryck an omgivningen. Med omgivningen forstas bar trycket utanfor oppningen 
66. Hogtryckskallans oppning 61 mot ventilkammaren 60 ar forsedd med en forsta 
kon 91 som samverkar med i denna variant koniskt utformade oppningen 61, varvid 
den forsta konen 91 oppnar eller stanger oppningen 61, nar konen fors fram och ater i 
konens axiella riktning. Pa motsvarande satt oppnar och stanger en andra kon 92 
tillflodet till lagtryckskallan 64, nar denna andra kon fors fram och ater. Flodet ut fran 
hogtrycksdelen och flodet in i lagtrycksdelen kan regleras individuellt genom att 
respektive kon fors fram och ater. Konema 91 och 92 kan styras individuellt ellr 
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gemensamt genom sammanbindning av konema 91 och 92 med en axel. Ljudet som 



uppstar fran hogtalaren pa grund av det fluktuerande trycket vid oppningen 66 ut mot 
omgivningen blir mer bredbandigt an vid anvandande av en konventionell siren. 

Hogtalaren omf attar vidare en styrenhet 5, vilken ar ansluten till drivorganen for att 
aktivt satta ventilorganet i rorelse, dvs forskjutning av roren eller rotera ventilkroppen 
eller svanga tungan alltefter aktuellt ventilorgan. Medelst styrsignaler styr salunda 
styrenheten ventilorganets rorelse, och darigenom den alstrade ljudsignalen. Till 
styrenheten skickas en ingaende signal vilken anger den onskade utgaende signalen. 
Styrenheten utfor darefter en signalbehandling for att oversatta den onskade signalen 
till motsvarande styrsignaler for den onskade rorelsen hos ventilorganet. Denna 
oversattning kan exempelvis ske via en oversattningstabell vilken upprattas pa 
forhand via matningar, via direkta funktionssamband eller liknande. Oversattningen 
kan ocksa styras med aterkopplad styming, genom att givare 6 for avkannande av det 
alstrade ljudet ar kopplade till styrenheten 5. Medelst styrenheten 5 kan en vasentligen 
linjar utkarakteristik for hogtalaren erhallas over ett brett frekvensband. 
Foretradesvis omfattar styrenheten ett artificiellt neuronnat, vilket man "lar" att 
oversatta vissa insignaler till motsvarande lampliga utsignaler, och som sedan genom 
"sjalvlarande" utifran dessa kanda fall skapar lampliga oversattningar aven for andra 
fall. 

I fig 2 visas ett utforande dar flera hogtalarelement av det ovan beskrivna slaget 
anordnats tillsammans. Pa detta satt okar effekten hos hogtalaren samtidigt som 
ljudvagen blir planare. Foretradesvis stracker sig kamrama harvid forbi ett flertal 
element, aven om det aven ar tankbart att varje hogtalarelement omfattar separata 
kamrar som omger varje ror. 

Genom att hogtalaren kan ha flera hogtalarelement, och vidare flera pa varandra 
ordnade tryckkammare, kan ett mycket kraftigt ljudtryck astadkommas utan att trycket 
i kamrama maste vara sarskilt stort. Harigenom blir belastningen pa hogtalaren liten, 
vilket gor att man kan anvanda lattare komponenter, tunnare vaggar osv. Detta gor 
inte bara hogtalaren mindre och lattare, utan okar aven utsand ljudeffekt. 
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Da flera hogtalarelement anvands i samma hogtalare styrs de foretradesvis synkront. 
Harvid erhalls en homogen ljudvag som utsands i en riktning vasentligen vinkelratt 
mot hogtalarplanet, sasom visas i fig 3. Det ar dock aven mojligt att lata elementen 
arbeta nagot forskjutna i forhallande till varandra. Pa detta satt kan ljudvagen styras sa 
att den erhaller olika riktningar, sasom indikeras av den streck-punktade ljudvagen. 
Riktningsegenskapema hos hogtalaren kan pa sa satt styras via ett elektroniskt 



Uppfinningen kan anvandas for en mangd olika andamal, sasom exempelvis i 
traditionella hi-fi tillampningar for ljudatergivning. Speciellt lampar den sig dock for 
aktiv ljuddampning, da den har ett brett frekvensspektrum och samtidigt en hog 
verkningsgrad, hog uteffekt per vikt- och ytenhet, och speciellt en hog uteffekt vid 
laga frekvenser (15-50 Hz). Vidare fmns tryckluft, vilket anvands for att driva 
hogtalaren, ofta tillgangligt vid sadana bullriga miljoer dar hogtalaren med fordel kan 
tillampas. Med aktiv ljudampning avses att medelst ett signalbehandlingssystem 
skapa ett motfalt till ett uppmatt fait och darigenom dampa det primara ljudet. Signal- 
behandlingssystemet kan vara adaptivt eller statiskt. 

Exempelvis kan hogtalaren anvandas for dampning i jetmotorer, sasom i turbo-flakt 
motorer. En sadan motor utstralar ljudet huvudsakligen i framatriktningen, och 
ljudnivaema kan harvid bli mycket hoga (upp till 180 dB). Detta ar ett allvarligt 
miljoproblem, och allt storre anstrangningar gors numera for att fa bukt med detta. 
Med hogtalaren enligt uppfinningen kan hogtalarelementen placeras runtom den inre 
vaggen i den framre delen av motom, sasom visas i fig 4. Hogtalaren enligt 
uppfinningen lampar sig val for denna tillampning da hogtalarelementen kan goras 
mycket sma och tunna, men anda ge ett kraftigt ljudtryck med en avsevard uteffekt, 
vilket i detta fall ar erforderligt. 

En annan, likartad tillampning ar i gasturbinutlopp och liknande, dar det likaledes 
skapas ett mycket kraftigt buUer, vilket kraver en stor uteffekt och ofta vid laga 
frekvenser. 



styrorgan. 
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Ytterligare en likartad tillampning av uppfinningen ar vid aktiv ljuddampning av 
ljudet i avgassystem hos forbranningsmotorer. 

I fig 5 visas ett altemativt utforande av uppfinningen, vilket speciellt lampar sig for 
aktiv ljuddampning i ventilationskanaler, men vilket naturligtvis kan anvandas i andra 
5 sammanhang. Harvid ar det runt ett ror 5 1 , sasom exempelvis en ventilationskanal, 
anordnat ett yttre ror 52. Det inre roret omfattar vidare oppningar 53 i sidovaggen, 
vanda mot utanfor liggande kamrar 54,55. Vissa av dessa kamrar har foretradesvis 
overtryck medan andra bar undertryck. Det yttre roret, vilket ar forskjutbart, ar 
anordnat mellan kamrama 54,55 och det inre roret, och forsett med oppningar 56. Nar 
10 det yttre roret 52 forskjuts fram och tillbaka pa det inre roret 51 exponeras barigenom 
omvaxlande oppningama 53 bos det inre roret for kammaren med overtryck 
respektive kammaren med undertryck. Naturligtvis kan aven i detta utforande fler 
eller farre kammare anvandas, fler eller farre oppningar osv. 

Hogtalaren enligt uppfinningen kan tillverkas i manga olika material, beroende pa den 
15 avsedda tillampningen, sasom metall, plast eller kompositmaterial. 

Uppfinningen bar ovan beskrivits i ett utforande omfattande flera kammare rned 
omvaxlande over- och undertryck. Det skall dock inses att uppfinningen aven kan 
tillampas med ett forskjutbart ror forskjutbart endast ut och in i en 
overtryckskammare. Det skall vidare inses att flera kamrar med omvaxlande over- 
2 0 respektive undertryck kan utnyttjas. Vidare har det rorliga elementet benamnts sasom 
ror. Det skall dock inses att harmed innefattas aven rorformiga element med ett icke 
cirkulart tvarsnitt. Vidare kan roret mycket val omfatta langsgaende kanaler vilka inte 
loper langs bela roret, utan endast en del darav. Alia sadana rorformiga element med 
langsgaende kanaler anses innefattas av benamningen ror. Vidare kan ett flertal olika 
25 drivmekanismer anvandas, liksom andra typer av modulerbara oppningar. Sadana och 
andra narliggande varianter av uppfinningen maste anses omfattas av uppfinningen 
sasom den avgransas av de bifogade patentkraven. 
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PATENTKRAV 



5 



10 

2. 
3. 

15 



4. 

20 



5. 

25 

6. 

30 

7. 



Pneumatiskt driven hogtalare, kannetecknad av att hogtalaren innefattar 
atminstone en forsta kanunare (1, 62) med hogre tryck an omgivningen dar 
denna forsta kanunare har minst en forsta oppning (8,61) mot omgivningen, att 
hogtalaren vidare innefattar atminstone en andra kammare (2, 64) med lagre 
tryck an omgivningen dar denna andra kanmiare har minst en andra oppning (9, 
63) mot omgivningen, och att den forsta och den andra oppningen medelst 
ventilorgan (3, 65, 91, 92) vaxelvis oppnas och stangs med valbar frekvens. 

Hogtalare enligt patentkrav 1, kannetecknad av att ventilorganet (65) utgors av 
en roterande kropp. 

Hogtalare enligt patentkrav 2, kannetecknad av att ventilorganet (65) ar utfort 
med en kanal (67, 68) som under ventilorganets rotation periodvis tillater ett 
flode av luft fran den forsta kammaren (62) till omgivningen och periodvis 
tillater ett flode av luft fran omgivningen till den andra kammaren (64) 

Hogtalare enligt patentkrav 3, kannetecknad av att ventilorganet utgors av en 
del av en rotationskropp dar ventilorganets tvarsnitt tvars dess rotationsaxel 
uppfyller minst en cirkelsektor med sektorvinklar foretradesvis storre an den 
storsta av de namnda oppningamas diametrar. 

Hogtalare enligt patentkrav 2, kannetecknad av att ventilorganet utgors av en 
roterande kropp i form av ett skal vid kroppens periferi eller av flera skaldelar 
fordelade utefter den roterande kroppens periferi. 

Hogtalare enligt patentkrav 3, kannetecknad av att ventilorganet (65) ar utfort 
med en kanal (68) som stracker sig tvars igenom ventilorganet. 

Hogtalare enligt patentkrav 1, kannetecknad av att ventilorganet (65) utgors av 
en vaggande kropp som vaggar fram och ater runt en rotationsaxel i ett rum 
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(60) som innefattar oppningama till den forsta och andra kammaren och till 
omgivningen. 

8. Hogtalare enligt patentkrav 7, kannetecknad av att den vaggande kroppen i ena 
andlaget stanger oppningen till den forsta kanunaren och i det andra andlaget 
belt eller del vis stanger oppningen till den andra kammaren. 

9. Hogtalare enligt patentkrav 8, kannetecknad av att den vaggande kroppen 
utgors av en sfarisk kalott eller av ett segment av en cirkular cylinder. 

10. Hogtalare enligt nagot av patentkraven 2 till 9, kannetecknad av att 
ventilkroppen (65) ar forskjutbar i dess rotationsaxels led, varigenom areoma 
hos de namnda oppningama forandras, vilket forandrar det av hogtalaren 
alstrade ljudets karaktar. 



11. Hogtalare enligt patentkrav 1, kannetecknad av att ventilorganet (3) innefattar 
ett mot omgivningen mynnande ror som medelst en drivmekanism ar 
forskjutbait genom kamramas vaggar och att namnda ror innefattar pa rorets 
mantelyta placerade roroppningar (4) anordnade sa att roroppningama vid rorets 

20 forskjutning forflyttas mellan kamrama (1,2). 

12. Hogtalare enligt patentkrav 1 1, kannetecknad av att minst fyra kamrar (1,2) 
med omvaxlande over- och undertryck ar anordnade ovanpa varandra i en 
sandwichkonstruktion. 



13. Hogtalare enligt patentkrav 11, kannetecknad av att roret (3) har ett antal 
uppsattningar med oppningar pa mantelytan (4), varvid detta antal motsvarar 
antalet kamrar (1,2) med over- respektive undertryck. 



30 14. 



Hogtalare enligt patentkrav 11, kannetecknad av att den omfattar ett flertal ror 
(3) utspridda over en yta. 
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15. Hogtalare enligt patentkrav 11, kannetecknad av att drivmekanismen for 

forskjutande av roret (3) ar en elektromagnetisk drivenhet omfattande en spole. 

5 16. Hogtalare enligt patentkrav 1 1 , kannetecknad av att drivmekanismen for 
forskjutande av roret (3) ar en piezoelektrisk drivenhet. 

17. Hogtalare enligt nagot av ovanstaende patentkrav, kannetecknad av att en 
drivmekanism for att mekaniskt fora ventilorganet (3, 65, 91, 92) styrs av en 

10 styrenhet vilken genom signalbehandling omvandlar en insignal till en 

motsvarande elektrisk styrsignal for erhallande av en mot insignalen svarande 
utsignal for hogtalaren. 

18. Hogtalare enligt patentkrav 17, kannetecknad av att styrenheten omf attar ett 
1 5 artificiellt neuronnat. 

19. Hogtalare enligt patentkrav 17 eller 18, kannetecknad av att styrenheten ar 
ansluten till givare for avkanning av hogtalarens utsignal for aterkopplad 
styming. 



20 



25 



20. Anvandning av en hogtalare enligt patentkrav 1 for aktiv ljuddampning. 

21 . Anvandning enligt patentkrav 20 vid aktiv ljuddampning i jetmotorer, och 
foretradesvis turboflaktmotorer. 

22. Anvandning enligt patentkrav 20 vid aktiv ljuddampning i ventilationssystem. 

23. Anvandning enligt patentkrav 20 vid aktiv ljuddampning i gasturbinutlopp. 



3 0 24. 



Anvandning enligt patentkrav 20 vid aktiv ljuddampning i avgassystem hos 
forbranningsmotorer. 
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25. Anvandning enligt patentkrav 20 vid ljudatergivning i hi-fi tillampningar, 
s&som vid konserter, i biografer och i hemmiljoer. 



5 26. 



Anvandning enligt patentkrav 20 vid ljudatergivning i horlurar, telefoner, 
horproppar eller liknande. 
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SAMMANDRAG 



Foreliggande uppfinning hanfor sig till en pneumatiskt driven hogtalare innefattande 
atminstone en forsta kammare (1, 62) med hogre tryck an omgivningen och med 
minst en forsta oppning (8, 61) mot omgivningen. Hogtalaren har vidare en andra 

10 kammare (2, 64) med lagre tryck an omgivningen och med minst en andra oppning (9, 
63) mot omgivningen. Den forsta och den andra oppningen kan medelst ventilorgan 
(3, 65, 91, 92) vaxelvis oppnas och stangas med valbar frekvens, varvid tryck- 
fluktuationer uppstar och darvid ger upphov till ljud med onskad frekvens. 
Hogtalaren enligt uppfinningen kan anvandas saval for hi-fi tillampningar som for 

15 aktivt ljuddampning, och lampar sig val for aktiv ljuddampning i jetmotorer, i 

ventilationssystem, i gasturbinutlopp och i avgassystem hos forbranningsmotorer. 
Fig ScL - Sc 
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PNEUMATICALLY DRIVEN LOUDSPEAKER AND ITS USE 



TECHNICAL FIELD 

5 

The invention presented here concerns a pneumatically driven loud speaker comprising at 
least one chamber having higher pressure than the surroundings an at least one 
chamber with lower pressure than the surroundings, as well as a modulatable 
opening between the respective chambers and the surroundings. 

10 

BACKGROUND 

Pneumatically driven loud speakers are previously known. These loud 
speakers comprise a chamber with positive pressure as well as several openings in one 
15 wall of the chamber. Over these openings is a slide which can move in such a 
way that it in one setting closes the openings and in another setting opens 
them. By moving the slide back and forth with a certain frequency a sound 
wave of corresponding frequency is obtained by the pulsating emission of 
compressed air through the openings. 

20 

Pneumatic loud speakers have the advantage over other known types of loud 
speaker in that they give a high output at the same time as they take up 
relatively little space. This makes them especially suitable for use in active 
noise suppression etc. 

25 

A drawback in using electro-pneumatic loud speakers is, however, that they 
are markedly non-linear. Previous attempts at linearization concerns discrete 
tones only. This means that a linear relationship between electrical input 
signal and acoustic wave over a wider spectrum, which is a prerequisite for 
30 broadband damping active noise suppression systems, has not yet been 
possible to achieve. 
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Factors contributing to the strong non-linearity in the said type of known 
pneumatic loud speaker is that the positive pressure presses the slide against 
the bracket in which it slides, which causes friction. Furthermore, the 
intermittently emitted airflow displays a markedly asymmetrical wave 
5 characteristic because of the non-linearity. 

PURPOSE OF THE INVENTION 

It is thus the purpose of the invention presented here to yield a more linear 
10 pneumatically driven loud speaker, which is easier to control and which can 
be used over a greater frequency spectrum. 

This objective is achieved by a pneumatic loud speaker according to the 
attached claims. 

15 

SUMMARY OF THE INVENTION 

According to an aspect of the invention it involves a pneumatically driven 
loud speaker comprising at least one chamber having higher pressure than the 

20 surroundings and at least one chamber with lower pressure than the 

surroundings. Subsequently the term chamber is used in the singular, which 
however does not exclude the eventuality that the chamber can be divided into 
several interacting chambers. The chambers are each supplied with at least 
one modulatable opening to the surroundings, making it possible to alternately 

25 open and close the high pressure and low pressure chambers to the 

surroundings by means of a valve mechanism, which means for example that 
the opening to the high pressure chamber is opened while the opening to the 
low pressure chamber is closed and vice versa. This modulation of the 
opening proceeds at the frequency selected. In this way the loud speaker's 

30 efficiency and output can be increased. In this context the term surroundings 
is understood to mean the environment in which the loud speaker is operating, 
which normally means that the surroundings is the air space around the loud 
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Speaker, so that the surroundings are at atmospheric pressure. Other ambient 
pressures are naturally possible. 

According to the aspect of the invention the air is alternately pressed out from 
5 and sucked back into the loud speaker. In this way there is a superposing of 
an exhaust characteristic with an essentially inverted suction characteristic. 
Both these curves are strongly non-linear, but with the superposing a greater 
symmetry is achieved in the characteristic. As a consequence the loud speaker 
produces a less distorted signal and is therefore easier to control compared to 
10 if only one chamber with pressure differing from the surroundings is used. 

The invention is especially suitable for use in active noise suppression 
because of its high output per weight and area unit, as well as being able to 
operate within a wide range of frequencies. 

15 

Additional beneficial features of the invention are evident from the following 
description and claims. A number of variations of the embodiment are 
described, where mainly the valve mechanism's function varies in a number of 
different ways. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now for the purpose of exemplification be described in 
more detail, with the help of embodiment examples and with reference to the 
25 attached drawings, in which: 

Fig la shows a schematic cross-sectional view through a loud speaker cell 
according to one embodiment of the invention presented here; 
Fig lb shows a loud speaker cell as that in Fig la, but with an alternative 
drive mechanism; 

30 Fig 2 shows a perspective cut away view of a loud speaker with several loud 
speaker cells as in Fig 1; 

Fig 3 shows schematically a loud speaker according to the invention with 
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variable direction properties; 

Fig 4 shows a part of a turbo-fan engine with loud speakers according to the 
invention for active noise suppression, shown partly in cut away; and 
Fig. 5 shows an alternative embodiment of the invention, for use in active 
5 noise suppression in ventilation ducts. 

Fig 6a - 6c shows schematically cross-sectional views of a loud speaker with 
rotating valve mechanisms. 

Fig 7a and Fig 7b shows section views of the loud speaker as in 6b in two 
planes perpendicular to each other. 
10 Fig 8a - 8e shows schematically cross-sectional views of a loud speaker with 
waddling valve mechanisms. 

Fig 9 shows a schematic cross section of a loud speaker according to the 
aspect of the invention where the valve mechanism is comprised of cones 
which alternately close the openings to the surroundings. 

15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig la shows schematically a loud speaker cell according to an embodiment of 
the invention presented here. The loud speaker comprises at least one 

20 chamber, preferably several chambers 1,2 with alternating positive and 

negative pressure stacked one on the other in a sandwich-like construction. 
Through the openings in these chamber walls a sliding tube 3 is fitted. This 
tube is preferably open at both ends. Moreover, the tube has at least one set 
of openings 4 at essentially the same height in the tube's envelope surface. In 

25 this way, when the openings are within the positive pressure chamber 1, air 

will flow in through the openings 4, continue along the tube 3 and out through 
the opening at the end. When the tube is slid so that the openings instead end 
up in the negative pressure chamber 2 air is instead sucked into the chamber 
from the end opening via the tube. By sliding the tube to and fro at a certain 

30 frequency a pulsating air wave is produced, and from this a sound is 

generated. Alternatively, the chambers can instead be arranged in sectors 
around the tube, so that the the tube makes a radial motion instead on an axial 
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one. Even in this case, however, the motion is to and fro. By having several 
positive and negative pressure chambers the frequency of the sound can be 
increased since the side openings 4 in the tube pass several positive and 
negative pressure chambers during each stroke. The tube is , however, best 

5 furnished with several sets of side openings. The number of such sets of side 
openings is preferably the same as the number of chambers with positive 
pressure or chambers with negative pressure. Moreover, the sets of side 
openings are preferably arranged vertically, that is to say in the direction of 
the axis of the tube, and separated so that each opening is either in the 

10 positive pressure chamber or negative pressure chamber. This leads to an 

increase in the air flow through the tube, and hence the acoustic pressure and 
output of the loud speaker, while the length of the stroke of the tube 
decreases. Thus the positive pressure and negative pressure in each chamber 
can be maintained at moderate levels, allowing the tube's walls to be made 

15 thin. Consequently, the tube can move more easily and requires less energy to 
do so. By using chambers with positive pressure as well as chambers with 
negative pressure a symmetry in the characteristic of the output sound is 
achieved, since the air is moved to and fro instead of merely being pressed out 
and being shut off. One gets a superposing of two separate non-linear, but 

20 essentially inverted, signals, which produces a more symmetric curve, 

although still non-linear. This makes it easier to reproduce sound and easier 
to control the loud speaker. 

The tube is operated by a driving mechanism, which can be hydraulic, 
25 pneumatic or thermally generated. However, the preferred mode is 

electromagnetic by means of a coil wound round the lower end of the tube. 
For many applications a piezo-electric drive would be possible, in which case 
the sandwich-like construction described above can be employed to achieve a 
high output despite the short stroke motion (displacement). The piezo-electric 
30 drive can even have some form of gear so as to efficiently obtain a low 

frequency, which is often desirable since piezo-electric cells often operate at a 
higher frequency (usually about 50-100 kHz), while the loud speaker is 
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normally used at considerably lower frequencies. An advantage of the piezo- 
electric drive is that the construction is very small and light, while the 
motion, i.e. the stroke lengths, of the modulatable openings is decreased. 
This results in both reduced friction between fixed and moving parts and 
5 lower distortion. 

Fig. lb shows a preferred type of piezo-electric drive mechanism. In this 
embodiment there is a rod 6 which is fixed to the frame and is inserted into 
the tube 3. Projecting out more or less perpendicularly from the rod are arms 

10 7, which at their other extremities are attached to the inner wall of the tube 3. 
These arms are piezo-electric bending cells, which when activated produce an 
axial motion of the tube. Naturally, these bending cells can even be arranged 
in other ways. For example, several rods can be used, so that the bending 
cells extends in directions that intersect one another, or the rod can be placed 

15 in the centre from which the arms extend radially in different directions. 

Furthermore, the loud speaker comprises pneumatic drive devices (not shown) 
for producing positive and negative pressure in the chambers. These 
pneumatic drive devices can be conventional pumps or fans, for example. The 
20 chambers can even be connected to available compressed-air systems. 

The tube is preferably circular and preferably fits relatively tightly into the 
corresponding openings in the chamber walls. In addition, the side openings 
are preferably symmetrically placed, such as two openings opposite one 

25 another, or four openings arranged in a cross. In that way the resulting force 
which the pressure in the chambers has on the tube is essentially zero, so that 
the friction between the tube and the chamber walls is reduced and the tube 
slides more easily. As a result, the distortion is reduced in the loud speaker 
and it is easier to control. Alternatively, the tube can naturally have a cross 

30 sectional shape other than circular, for example elliptical, quadratic, 

rectangular, etc. Furthermore, it is possible to allow the tube to be slid 
diagonally to the chamber walls, even if it is preferred that the tube is slid 
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essentially perpendicular to the chamber walls, the latter of which is shown in 
the drawings. 

If a tube 3 as described above is used it should be made shorter for generation 
5 of higher frequencies. If the tube is long a sound wave generated at the 

bottom of the tube will interfere with a sound wave generated at the top of 
the tube. This becomes a problem only if the length of the tube is of the same 
order of magnitude as the length of the sound wave at a specific frequency. 
This can be prevented if the tube is designed as a number of rings which 
10 constitute the active components of the valve body. The rings are connected 
to each other by means of circular springs in such a way that the rings perform 
a translation motion along the length of the tube at the speed of sound. The 
said undesired interference will not manifest itself, while energy will be 
supplied to the generated sound wave for each ring. At one end of the tube 
15 the change is passively or actively suppressed so that no reverberations of the 
wave motion arise. 

In a preferred version of the invention Fig 6a-6c shows a loud speaker which 
is also designed to generate acoustic pressure at a certain frequency of choice. 

20 This version comprises a space 60 for fluctuating pressure, acoustic pressure, 
where the said space 60 is in contact with the surrounding air in which it is 
intended to produce acoustic pressure. There are openings 61 from the 
chamber with higher pressure 62 and openings 63 from the chamber with 
lower pressure 64 than the surroundings into the space 60 for fluctuating 

25 acoustic pressure. A valve mechanism in the form of a rotating valve body 65 
located in the space 60 for the fluctuating pressure alternately opens the 
openings 61 and 63 to the high pressure chamber 62 and low-pressure chamber 
64 respectively, whereby the desired acoustic pressure is generated in the 
space 60. The generated acoustic pressure is directed to the surroundings 

30 through the opening 66. The valve body 65 is rotated at a selected number of 
revolutions, which means that the frequency of the generated sound can be 
varied by adjusting the valve body's 65 rate of rotation. 
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The valve body 65 can be designed in an alternative way according to the 
figures 6a, 6b, and 6c. Characteristic for this version of the invention is that 
the valve body is made up of a rotation unit, where a part of the rotation unit 
5 consists of a cavity 67. When the valve body rotates in the valve space 60, 
the cavity, when facing the opening 61 to the high-pressure chamber 62, will 
allow a flow of air to the surroundings via the opening 66. Similarly, air from 
the surroundings flows via the opening 66 through the cavity to the low- 
pressure chamber via the opening 63, when the cavity 67 is facing the opening 

10 63 during rotation of the valve body. The cavity 67 is thus designed to 

consist of a duct which, preferably in a radial direction, periodically connects 
with the openings to the high-pressure chamber and the low-pressure chamber. 
The duct is also designed so that it is connected to the surroundings at least 
during the said periods or alternatively that it is permanently connected with 

15 the surroundings. The duct can with advantage be designed so that it produces 
a favourable current. The cavity 67 is in one version designed so that the 
cavity constitutes a volume sector of the valve body with a certain sector 
angle about the axis of rotation of the valve body. In figure 6a the valve body 
is shown with a cavity 67 which constitutes a volume sector of 180° angle 

20 about the axis of rotation. Fig 6b is in the same way showing a cavity which 
constitutes a volume sector of 90° angle. It is of course possible to construct 
the the valve body's cavity with other sector angles. It is also possible to 
furnish the valve space with more than one opening from two low-pressure 
sources and with more than one opening from two high-*pressure sources, 

25 whereby the valve body will open to a high-pressure and a low-pressure 
chamber more than once per revolution. 

One embodiment of the valve where the valve space 60 has two openings to 
the high-pressure source and two openings to the low-pressure source is 
30 shown in Fig 6c. The valve body in fig 6c is, in addition, shown with a cavity 
67 consisting of a duct 68 running through the the valve body. During 
rotation of the valve body the openings are alternately opened and closed to 



wo 99/53720 




PCT/SE99/00586 



the surroundings and axially to the valve body. 

The valve body 65 can also be permitted to slide in the axial direction. The 
openings 61, 63 to the pressure sources can be given geometries such that the 

5 mouth area of the cavity open to the pressure sources change in accordance 
with the valve body's axial motion. By sliding the valve body in this manner 
it is possible to regulate the flow and therefore the acoustic pressure. It is 
convenient to use the said axial displacement within each rotation cycle of the 
valve body to monitor distortion which arises. This, however, requires quick 

10 adjustment of the displacement. 

Fig 7a and 7b show section views of two different planes, the first of which is 
perpendicular to the valve body's axis of rotation and the other according to 
section A - A, in which the positioning of the valve body's 60 opening 66 to 
15 the surroundings is depicted. 

A further variation of the loud speaker is shown in Fig. 8a-8e. The loud 
speaker according to Fig 8a-8b comprises a space 60 for fluctuating pressure, 
acoustic pressure, where the said space 60 is in contact with the surrounding 

20 air in which it is intended to create acoustic pressure. From both the chamber 
62 with higher pressure and the chamber 64 with lower pressure than the 
surroundings to the space 60 for fluctuating acoustic pressure there are 
openings 61 and 63 respectively. A valve mechanism in the form of a rocking 
valve body 65 located in the space 60 for the fluctuating pressure opens 

25 alternately the openings 61 and 63 to the high-pressure chamber 62 and the 

low-pressure chamber 64 respectively, thereby generating the desired acoustic 
pressure in the space 60. The generated acoustic pressure is carried to the 
surroundings via the opening 66. The valve body 65 is rocked at the desired 
frequency, which means that the generated sound frequency can be selected by 

30 controlling the oscillation pattern of the valve body's 65 rocking motion. 



For the rocking version the valve body 65 can be designed in an alternative 
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way according to figures 8a and 8e. The valve body is best made of an almost 
semi-spherical or semi-circular cylindrical body or other sector part of a 
sphere or cylindrical body. In other versions only the envelope surface of one 
of the said bodies can act as the valve body 65. With one of the said shapes 

5 both openings to the pressure sources are closed v^hen the valve body is in 
neutral position according to Fig 8a. Fig 8b shows the valve body rocked to 
its first end position, at which the opening 63 to the low-pressure source is 
completely open, so that air from the surroundings can flow via the opening 
66 towards the low-pressure source. Fig 8c illustrates the valve body's other 

10 end position, where the opening 61 to the high-pressure source is completely 
open, so that air from the high-pressure source flows out to the surroundings. 
The fluctuating flow of air which is produced here creates the desired sound. 

By varying the cross-section segment of the valve body, by for example 
15 making the segment smaller, both openings to the pressure source can be held 
partly open when the valve body is in the neutral position, as shown in fig 8d. 
According to fig 8e the valve body will nevertheless be able to close an 
opening to a pressure source completely when it is in an end position. This 
arrangement produces a different acoustic character. 

20 

Even for the rocking version, the valve body 65 can be permitted to move in 
an axial direction, i.e. along its rocking axis, in the valve space 60. The 
openings 61, 63 to the pressure sources can have geometries such that the 
mouth area of the cavity open to the pressure sources changes in accordance 
25 with the valve body's axial motion. By moving the valve body in this manner 
it is possible to regulate the flow and thus the acoustic signal. 

A further version of the loud speaker is show in fig 9. As above the purpose 
is to generate acoustic pressure at certain frequencies of choice. An ordinary 
30 siren according to known techniques consists of a source with compressed air 
(the pressure of which is higher than the surroundings) and a regulated 
discharge, which can be carried out, for example, using a mobile cone. This 
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solution is apparent if one considers the left part of fig 9. By moving the 
cone laterally at a certain frequency the air flow can be regulated and acoustic 
pressure is created. One drawback is that air is constantly flowing out of the 
system and thereby impairing efficiency. The version of the sound source 

5 according to fig 9 solves this by providing the sound source with a high- 
pressure source 62 with higher pressure than the surroundings and a low- 
pressure source 64 with lower pressure than the surroundings. The 
surroundings here means the pressure outside the opening 66. The opening 61 
of the high-pressure source to the valve space 60 is supplied with a first cone 

10 91 that interacts with the, in this version, conically shaped opening 61, 

whereby the first cone 91 opens or closes the opening 61, when the cone is 
moved to and fro in the cones axial direction. In a similar way, a second cone 
92 opens and closes the flow to the low-pressure source 64, when this second 
cone is moved to and fro. The flow out from the high-pressure part and the 

15 flow in to the low-pressure part can be regulated individually by the to and fro 
movement of the respective cones. The cones 91 and 92 can be controlled 
individually or together by connecting the cones 91 and 92 with an axis. The 
sound that is produced by the loud speaker as a result of the fluctuating 
pressure at the opening 66 out to the surroundings will have a wider band than 

20 that from a conventional siren. 

The loud speaker also consists of a control unit 5, which is connected to a 
drive mechanism for actively setting the valve mechanism in motion, i.e. 
sliding the tube or rotating the valve body or vibrating the reed according to 

25 the valve mechanism in question. By means of control signals the control unit 
controls the motion of the valve mechanism, and thus the generated acoustic 
signal. The control unit receives an incoming signal which indicates the 
desired outgoing signal. The control unit then performs a signal processing 
task in order to translate the desired signal to corresponding control signals 

30 for the desired motion of the valve mechanism. This translation can, for 
example, be done by a translation table which is established in advance by 
measurements, by direct functional correlation, or the like. Translation can 
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also be controlled by feedback control, by connecting the gauge 6 for 
detection of the generated sound to the control unit 5. Using the control unit 
5 an essentially linear output characteristic for the loud speaker can be 
obtained over a wide frequency band. The control unit preferably contains an 
5 artificial neuron net, which one "teaches" to translate certain input signals to 
equivalent output signals, and which through "self-teaching" based on these 
known cases creates appropriate translations for other cases as well. 



Fig 2 shows an embodiment where several loud speaker cells of the type 
10 described above are arranged together. In this way the output of the loud 

speaker is increased at the same time as the sound wave becomes more planar. 
The chambers preferably extend over several cells, even if it is possible for 
each loud speaker cell to have separate chambers that enclose each tube. 



15 If the loud speaker has several loud speaker cells, and even several pressure 
chambers stacked on each other, a very strong acoustic pressure can be 
produced without the need for the pressure in the chambers to be especially 
great. Consequently, the load on the loud speaker will be small, which means 
that lighter components, thinner walls, etc can be used. This allows not only 

20 the loud speaker to be smaller and lighter, but also enhances the sound effect 
produced. 

When several loud speaker cells are used in the same loud speaker they are 
preferably controlled synchronously. In this way an homogenous sound wave 

25 is obtained which is emanated in a direction essentially perpendicular to the 
plane of the loud speaker, as shown in Fig 3. It is, however, also possible to 
let the cells work in a somewhat staggered arrangement. Doing this allows the 
acoustic wave to be controlled so that it has different directions, as is 
indicated by the dash-dotted acoustic wave. The directional characteristics of 

30 the loud speaker can accordingly be controlled via an electronic control unit. 



The invention can be used for a variety of purposes, such as, for example, in 
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traditional hi-fi applications for reproduction of sound. It is, however, 
specially suitable for active noise suppression, since it has a wide frequency 
spectrum together with high efficiency, high output per weight and area unit, 
and in particular high output at low frequencies (15-50 Hz). Furthermore, 
5 compressed air, which is used to drive the loud speaker, is often available in 
such noisy environments where the loud speaker can be used with advantage. 
By active noise suppression is meant that a signal processing system creates a 
counter field to a measured field, thereby suppressing the primary sound. The 
signal processing system can be either adaptive or static. 

10 

The loud speaker, for instance, can be used for noise suppression in jet 
engines, such as turbo-fan engines. Such engines produce sound principally in 
a forward direction, and noise levels can be extremely high (up to 180 dB). 
This is a serious environmental problem, and efforts are increasingly being 

15 made to overcome this. With the loud speaker according to the invention the 
loud speaker cells can be placed around the inner wall in the front part of the 
engine, as shown in Fig 4. The loud speaker according to the invention may 
suitably be used for this application since the loud speaker can be made 
extremely small and thin, but still produce strong acoustic pressure with an 

20 adequate output, which in this case is necessary. Another, similar application 
is in gas turbine outlets and the like, where as in the previous case very high 
noise is created, which requires a high output and often at low frequencies. 

Another similar application of the invention is in active noise suppression of 
25 noise from exhaust systems in combustion engines. 

In Fig 5 an alternative embodiment of the invention is shown, which is 
particularly suitable for active noise suppression in ventilation ducts, 
although naturally employable in other situations. Around one tube 51, such 
30 as for example a ventilation duct, an outer tube 52 is placed. The inner tube 
has openings 53 in the side wall, facing the enveloping chambers 54, 55. Some 
of these chambers preferably have positive pressure while others have 
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negative pressure. The outer tube, which is able to slide, is arranged between 
the chambers 54, 55 and the inner tube, and equipped with openings 56. When 
the outer tube 52 is slid to and fro on the inner tube 51 the openings 53 in the 
inner tube are alternately exposed for the chamber with positive pressure and 
5 the chamber with negative pressure. Naturally, even in this embodiment, more 
or less chambers can be used, more or less openings, and so on. 

The loud speaker according to the invention can be manufactured in many 
different materials, depending on the intended application, such as metal, 
10 plastic or composite material. 

The invention has been described above for an embodiment comprising several 
chambers with alternate positive and negative pressure. It should be realised, 
however, that the invention can also be used with a tube which can slide in 

15 and out of a positive pressure chamber only. It should also be realised that 
several chambers with alternate positive and negative pressure can be 
employed. Additionally, the mobile part has been termed a tube. However, it 
should be realised that even tube shaped parts with a non-circular cross- 
section are included here. Furthermore, the tube may well include 

20 longitudinal ducts which do not extend along the whole tube, but rather a part 
of it. All such tube shaped parts with longitudinal ducts are considered to be 
included in the term tube. Moreover, several different drive mechanisms can 
be used, as well as other types of modulatable openings. These and similar 
versions of the invention must be considered to be included in the invention 

25 as is defined by the attached claims. 
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CLAIMS 

Pneumatically driven loud speaker, characterised in that the loud speaker 
comprises at least one first chamber (1, 62) having higher pressure than 
the surroundings where the first chamber has at least one first opening (8, 
61) to the surroundings, that the loud speaker in addition comprises at 
least one second chamber (2, 64) with lower pressure than the 
surroundings where this second chamber has at least one second opening 
(9, 63) to the surroundings, and that the first and the second openings by 
means of valve mechanisms (3, 65, 91, 92) alternately open and close at a 
selected frequency. 

Loud speaker according to claim 1, characterised in that the valve 
mechanism (65) is comprised of a rotating body. 

Loud speaker according to claim 2, characterised in that the valve 
mechanism (65) consists of a duct (67, 68) which during the valve 
mechanism's rotation periodically allows a flow of air from the first 
chamber (62) to the surroundings and periodically allows a flow of air 
from the surroundings to the second chamber (64). 

Loud speaker according to claim 3, characterised in that the valve 
mechanism comprises a part of a rotating body where the valve 
mechanism's cross section transverse to its axis of rotation encompasses 
at least one sector of a circle with sector angles preferably larger than the 
diameter of the largest of the said openings. 

Loud speaker according to claim 2, characterised in that the valve 
mechanism is comprised of a rotating body in the form of a shell at the 
periphery of the body or of several shell parts distributed over the 
periphery of the rotating body. 
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6. Loud speaker according to claim 3, characterised in that the valve 
mechanism (65) consists of a duct (68) which runs straight through the 
valve mechanism, 

5 

7. Loud speaker according to claim 1, cliaracterised in that the valve 
mechanism (65) comprises a rocking body which rocks to and fro about an 
axis of rotation in a space (60) which contains the openings to the first 
and the second chamber and to the surroundings. 

10 

8. Loud speaker according to claim 7, characterised in that the rocking 
body in one end position closes the opening to the first chamber and in the 
other end position wholly or partly closes the opening to the second 
chamber. 

15 

9. Loud speaker according to claim 8, characterised in that the rocking 
body consists of a spherical segment of a sphere or of a segment of a 
circular cylinder. 

20 10. Loud speaker according to any of the claims 2 to 9, characterised in that 
the valve mechanism (65) can be slid in the direction of its axis of 
rotation, whereby the areas of the said openings change, which changes the 
character of the sound generated by the loud speaker. 

25 11, Loud speaker according to claim 1, characterised in that the valve 

mechanism (3) consists of a tube, with an opening to the surroundings, 
which by means of a drive mechanism is able to slide through the walls of 
the chambers and that on the tube's envelope surface the said tube 
contains openings (4) positioned so that the tube openings are moved 

30 between the chambers (1,2) when the tube is moved. 

12. Loud speaker according to claim 1 1 , characterised in that at least four 
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chambers (1,2) with alternating positive and negative pressure are stacked 
one above the other in a sandwich-like construction. 

13. Loud speaker according to claim 11, characterised in that the tube (3) 
5 has a number of sets of openings on the envelope surface (4), such that 

this number corresponds to the number of chambers (1,2) with positive 
and negative pressure. 

14. Loud speaker according to claim 1 1, characterised in that it comprises 
10 several tubes (3) spread over a surface, 

15. Loud speaker according to claim 1 1, characterised in that the drive 
mechanism for sliding the tube (3) is an electromagnetic drive unit 
containing a coil. 

15 

16. Loud speaker according to claim 1 1, characterised in that the drive 
mechanism for sliding the tube (3) is a piezo-electric drive unit. 

17. Loud speaker according to any of the above claims, characterised in that 
20 a drive unit for mechanically moving the valve mechanism (3, 65, 91. 92) 

is controlled by a control unit which by signal processing translates an 
input signal to an equivalent electrical control signal to obtain an output 
signal, corresponding to the input signal, for the loud speaker, 

25 18. Loud speaker according to claim 17, characterised in that the control 
unit comprises a artificial neuron net. 

19. Loud speaker according to claim 17 or 18, characterised in that the 
control unit is connected to the gauge for detecting the loud speaker's 
30 output signal for feedback control. 



20. Application of a loud speaker according to claim 1 for active noise 



wo 99/53720 PCT/SE99/00586 

18 



suppression. 

21. Application according to claim 20 in active noise suppression in jet 
engines, and especially turbo-fan engines. 

5 

22. Application according to claim 20 in active noise suppression in 
ventilation systems. 

23. Application according to claim 20 in active noise suppression in gas 
10 turbine outlets. 

24. Application according to claim 20 in active noise suppression in exhaust 
systems of combustion engines, 

15 25. Application according to claim 20 in sound reproduction in hi-fi 
applications, such as at concerts, in cinemas and in homes. 

26. Application according to claim 20 in sound reproduction in head phones, 
telephones, ear phones and the like. 



20 
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1) GB 2033130 A (MATS OLSSON KONSGZ.T AB) 
9^ DE19508200 Al (SCHAFER, NORBERT) 
3) FR 2729781 Al (BERTIN ET CIE SOCIETE ANONYME) 

The invention concerns a pneumatically driven loudspeaker, 
such a Touds%ak^ normally comprises a chamber with posxtxve 
pressure and several openings in one wall of the ^^^^l^^^l 
?h: openings is a slide, which oan move '^fj^-jl ^^^J"^^^ 
and the closing of the openings. 3y moving the slide back and 
fSrth with a certain frequency, a sound wave of corresponding 
S^ehcJ is obtained by the pulsating emission of compressed 
air through the openings. 

Pneumatic loudspeakers generally: give a ^^^^ . .^^^^^^^^^ 
output, at.the same time as they ^^^^^^^^^ ^^^.f ^h^^ 
space. This makes them especially suitable for the use in, 
e.g., active noise suppression. 

With electro-pneumatic loudspeakers in ^J^^^f/.^^^^ J^l^^^^itJ 
- pressure causes friction, as it presses the ^^^'^^ ff'''^'' ^^11 
auide rail and the airflow shows an asymmetric wave form. This 
C a s^ious'drawback as the resulting ^-^^^^^^^^^ 
not be linear, which is a prerequisite for use in active noise 
reduction systems. 

The object of the present invention is -^herefo^re to obtain a 
pneuraa^ically driven loudspeaker wxth a more f-^^^^^^J 

:rTeast ^tr =h:srrna^vLr== 

rriu\=o^p::^,Te-een 

the respective chambers and the s-arroundings . 
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ll'^l r aSSc"p.\\s^u^t! Howe,/. t.e s-.e - t , . 

a predetermined resonance ^^p^^'^^^JTl.Th.Z^noy sound 
linear, frequency response Ref. 2 Shows ^ „entorane from a 

generator operating f P^^^^J^^^^f ;^^er via inlet and exit 
high pressure and a low P--"-^/'^^,,, reduction system, 

^rSribly comprising a conventionally driven pneumatic 

loudspeaker- 

^ Ur,^ of fhe cited refs. show the new and useful 
Thus, hot .one of the 'r^^^f', invention. Therefore, 
improvement designed xnto^ the ^^^11^''^^^^^^''^^° the claimed 
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Fonn PCT/lPEA/409 (Supplemental Box) (January 1994) 



The Swedish Patent Office 
PCT International Application 



16 



PCT/ SE 99/00586 

1 5 -05- 2000 

09/648000 



<:2 Rec'd PCT/PTO 1 0 OCT 2000 

6. Loud speaker according to claim 3, characterised in that the valve 
mechanism (65) consists of a duct (68) which runs straight through the 
valve mechanism. 

7. Loud speaker according to claim 1, characterised in that the valve 
mechanism (65) comprises a rocking body which rocks to and fro about an 
axis of rotation in a space (60) which contains the openings to the first 
and the second chamber and to the surroundings. 

8. Loud speaker according to claim 7, characterised in that the rocking 
body in one end position closes the opening to the first chamber and in the 
other end position wholly or partly closes the opening to the second 
chamber. 

9. Loud speaker according to claim 8, characterised in that the rocking 
body consists of a spherical segment of a sphere or of a segment of a 
circular cylinder. 

10. Loud speaker according to claim 2, characterised in that the valve 
mechanism (65) can be slid in the direction of its axis of rotation, whereby 
the areas of the said openings change, which changes the character of the 
sound generated by the loud speaker. 

11- Loud speaker according to claim 7,. characterised in that the valve 

mechanism (65) can be slid in the direction of its axis of rotation, whereby 
the areas of the said openings change, which changes the character of the 
sound generated by the loud speaker. 

12. Loud speaker according to claim 1, characterised in that the valve 
mechanism (3) consists of a tube, with an opening to the surroundings, 
which by means of a drive mechanism is able to slide through the walls of 
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the chambers and that on the tube's envelope surface the said tube 
contains openings (4) positioned so that the tube openings are moved 
between the chambers (1, 2) when the tube is moved. 

13. Loud speaker according to claim 12, characterised in that at least four 
chambers (1,2) with alternating positive and negative pressure are stacked 
one above the other in a sandwich-like construction. 

14. Loud speaker according to claim 12, characterised in that the tube (3) 
has a number of sets of openings on the envelope surface (4), such that 
this number corresponds to the number of chambers (1,2) with positive 
and negative pressure. 

15. Loud speaker according to claim 12, characterised in that it comprises 
several tubes (3) spread over a surface, 

16. Loud speaker according to claim 12, characterised in that the drive 
mechanism for sliding the tube (3) is an electromagnetic drive unit 
containing a coil. 

17. Loud speaker according to claim 12, characterised in that the drive 
mechanism for sliding the tube (3) is a piezp-electric drive unit,. 

18. Loud speaker according to any of the above claims, characterised in that 
a drive unit for mechanically moving the valve mechanism (3, 65, 91, 92) 
is controlled by a control unit which by signal processing translates an 
input signal to an equivalent electrical control signal to obtain an output 
signal, corresponding to the input signal, for the loud speaker. 

19. Loud speaker according to claim 18, characterised in that the control 
unit comprises a artificial neuron net. 
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20. Loud speaker according to claim 18 or 19, characterised in that the 
control unit is connected to the gauge for detecting the loud speaker's 
output signal for feedback control. 

21. Application of a loud speaker according to claim 1 for active noise 
suppression. 

22. Application according to claim 21 in active noise suppression in jet 
engines, and especially turbo-fan engines. 

23. Application according to claim 21 in active noise suppression in 
ventilation systems. 

24. Application according to claim 21 in active noise suppression in gas 
turbine outlets. 

25. Application according to claim 21 in active noise suppression in exhaust 
systems of combustion engines. 

26. Application according to claim 21 in sound reproduction in hi-fi 
applications, such as at concerts, in cinemas and in homes. 

27. Application according to claim 21 in sound reproduction in head phones, 
telephones, ear phones and the like. 
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